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Structure Optimization of Frame for Field Vegetable Power Machinery
Based on Measured Load Data

XIE Bin WEN Changkai YANG Zihan LU Tiebiao SONG Zhenghe
(College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract: As a new type of machine, field vegetable power machinery can realize different pre-harvest
mechanization operations. The frame is subjected to various loads during field operations, which is
accompanied by dynamic load. It is necessary to carry out strength research and optimization design of the
frame. The multi-objective topology optimization design method based on field measured strain data was
studied. HyperWorks software was used to carry out finite element analysis of the frame, the stress
distribution under static stress analysis conditions was obtained, and the fatigue damage hotspot of the
frame was determined. On the basis of data analysis, the strain gauges were pasted, and the dynamic
strain test system was set up to collect the load time history under typical working conditions of field
vegetable power machinery. The measured strain time history data was preprocessed, and the force of the
frame under the corresponding working conditions was analyzed. The load spectrum was compiled by
nCode software, and the fatigue analysis and life prediction of the frame were performed. Based on the
analysis and life prediction, the topology optimization was proposed, and a multi-objective topology
optimization mathematical model with multiple frame conditions and dynamic low-order natural frequency
response was constructed to carry out lightweight design. The test results showed that the fatigue life at
the cross weld of the frame was 7.5 x 10" h, the fatigue life was the shortest among the 15 points, which
met the service life requirement, and the overall structural strength of the frame was over-designed. The
optimized frame quality was reduced by 443. 55 kg, which was reduced by 53.47% .
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Tab.1 Main parameters
BH K/ s
BHLINE RAF (K x 58 x

)/ (mm x mm x mm)

3200 x2 000 x2 000

Bl 5/ mm 2100

A/ mm B4 1590 ~1790; 5% 1790
i /N HL 7] B/ mm 330
R/ (°) 11(20% )
LA R kg 1 800

W LW AR i kg 2700

I 4/ (km-h ") 20

F/ NG AR /m 4.22

IR/ ZN390B B 4 i 4L
i TR/ KW 28.5

34/ (remin ") 2 600

K Hife NFH R 6 ~ 165

G N TR NG 8.3 ~24
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Fig.2 Static analysis of frame
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Fig.3 Measuring points of frame and chassis
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Tab.2 Strain data of frame MPa
W 5544 Bk BETA RIEHE /ELTH 6T
EWEET 6.91 6.56 11.37 7.34
FRARE L 4.65 5.14 7.53 7.95
EREE R 14.57 3.36 7.82 7.76
ERLET 3.47 6.48 11.41 16. 47
SR 4.72 6.92 16. 14 19.76
YRR 3.21 5.61 12. 45 13.71
51 BE R GE 2.78 4.10 10. 90 8.19
552 BRI 4 2.92 5.28 8.12 11.28
o5 3 KR4k 3.86 6.96 6.94 10. 30
28 SR 4E 29.98 20.77
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Tab.3 Strain data of chassis MPa
W A BHILH  Rargm  FEl LR s
T IR A 3.593 5.342 10. 002
A 22 21.927 27.598
E R AN 15.118 20. 581
VEE R Y 4.882 17. 480
Ja TR g 10. 357 18. 626

S, SEIA R F1, MPa
S, IV ) WE A, MPa
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Tab.4 Fatigue life values h
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28 AR 4 7.5 x 10" 1.8 x10°
i Ak 2 5.8 x10° 2.2 x10°
ik g ik 5.5x10"° 1.1x10°
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Ja & B8 i 5 b 385.94 kg, 4k JE A 2R i kD A
3 #ig
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(1) #5716 53 [ 3l g ALK 4 28 (9 A7 BROG A
T I X AT B i T SR e A A B AR A
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Tab.4 Frame performance parameter comparison

before and after optimization

S H P AL

W SR RERER g Wi U A A RS IR A A 7. S x
5 /(N mm ) 2927 2854 10° h, BT AR B0 K& M i, A R 1k T
HIHERIEE/(Nem-rad ™) 3917 3762 X [E]
LB 47 451 4%/ He 27.266 22.30 (3) FTIIMEAL T &G 2R L0, KL%
SR o o S50 9 25 9 AT 908 W 390 % A
3 Wy [ 45 9% H 57.346 38.32 o~ L5 He Sl ok Y Z)
4 By [ A 22/ Hy 77.199 58.54 PEACBCABERY A3 AT SR IS B0, X 4 28 i3k 45
5 W A7 5%/ He 84.825 78.72 WML B, L A6 )5 1Y 42 8 o i sk /) 443. 55 kg,
6 [ [& A 5% /Hz 110. 450 84.33 M%T 53.47% .
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